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Abstract: Short-term air quality monitoring in a coastal area, Naklua Subdistrict, Pattaya, Thailand is
an activity to support the designated area under Thailand's sustainable tourism development. This study
provided a short-term monitoring data analysis on time series and Bivariate Polar Plot (BVP) to
provide the status of air quality and to determine the potential source area of air pollution. The result
showed that NO2, SO2, CO and PM ¢ were not higher than the national air quality standards, while the
24-hour average of PM2s and the 8-hour average of Os were slightly higher than the World Health
Organization (WHO) air quality guideline values. The nighttime PM; 5 concentration was higher than
the daytime concentration, and its potential source area is urban areas in the south. However, the
daytime O3 concentration is higher than the nighttime concentration. Its potential source area is from
the northwest, where Sichang island is located. This result could be used to support air pollution
management by controlling and reducing emissions in the potential source areas as the first priority.
Also, the study revealed that the BVP technique could be used to determine the source area of air
pollution in the coastal area, where wind circulation is more complex than that over the land.
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1. Introduction

The United Nation World Tourism Organization declared the term, “sustainable tourism” in 1996
based on the concept of sustainable development, which “takes into account the needs of present
tourists, and travelers, needs of future generations as well” [ 1]. Air quality, the impact of air quality on
tourists, and the impact of the tourism sector on air quality are indicators to be considered in the
measure of sustainable tourism [2]. Pattaya is a designated area for sustainable tourism, a seaside city
located in Chonburi Province, Thailand. The city is famous for tourism with many beaches, e.g.,
Naklua and Pattaya Beaches and related daytime and nighttime activities. During the daytime, what
tourists can travel to visit interesting places such as the Sanctuary of Truth, the Pattaya floating market,
Art in Paradise, et ceteras. Visit the seafood market, have lunch at a seafood restaurant, and rest at the
beach are tourists prefer to do. The Walking Street is welcome for strolling around during nighttime.
Tourists are also going to watch and enjoy the Tiffany’s Cabaret Show. Get a hangout and party at
various bars. Transportation, traffic, cooking, industry, chemical reactions in the atmosphere, etc. in
this area and surrounding areas would be causes to increase air pollution level, and would affect air
pollution exposure level of human. Therefore, air quality data and its related analysis are ingredients
to support sustainable tourism management in the area.

Although there is Covid-19 outbreak in Thailand, the difference in air pollution levels in Bangkok,
the capital city of Thailand, to the previous year is less different. The air quality index (AQI) mean
value is slightly decreased and the concentrations of PM1o and PM: 5 are a small increase [3]. Therefore,
air pollution problems still inevitably affect people's quality of life. Disease is one of the factors
affecting the quality of life. The level of air pollution in the atmosphere is related to diseases such as
cardiovascular disease, respiratory infection, and mortality rate [4]. Improving air quality in tourism
locations, resting spots, and general access sites will allow people to enjoy the benefits of a good
environment. In terms of management, identifying potential source areas of air pollution first is
beneficial. This would be better than spending resources to reduce emissions in many areas without
air pollution sources. Many receptor modeling methods have been utilized for source apportionment
and contribution of pollution source types such as chemical mass balance (CMB), the principal
component analysis (PCA), and positive matrix factorization (PMF). The methods related to
incorporating wind data and back trajectories are the conditional probability function (CPF) and
potential source contribution function (PSCF) [5]. To identify potential source areas of air pollutants
many techniques are available using statistical measures revealing the relevant polar coordinates. The
bivariate polar plot (BVP) uses the observed air quality data, wind speed, and wind direction to
pinpoint areas of air pollutant potential sources in various places [6—10]. The polar plot technique can
identify potential source areas of air pollution such as coke ovens and a plants in different
locations [10], and biomass power plants [8]. The potential source areas representing mobile
(transportation) and area sources (mining) can be distinguished from each other [9]. Also, the potential
source areas in urban locations were identified [7]. Therefore, this technique is likely to be used to
determine the potential source areas of air pollution management.

However, the study areas in related studies included inland areas [6—10] governed by the
prevailing winds. On the contrary, coastal areas are not only be influenced by the prevailing winds, but
also from land and sea breezes resulting in more complex wind circulation than the wind flow over
inland areas [11]. It would be better to obtain more information on applying the BVP technique to
identify potential source areas in coastal districts affected by sea and land breezes. According to
scientific and sustainable tourism issues, this paper would like to apply BVP in a coastal area, and also
provide air quality information to support sustainable tourism management.
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2. Materials and methods
2.1. Study area and monitoring data

Naklua Subdistrict is part of Pattaya City, Chonburi Province, Thailand, comprising a population
of 49,005 people. A popular coastal park named Lanpho Naklua Park accommodates tourists and
residents to sit and eat seafood including a sunset ambiance. Car parks and seafood markets are located
near Lanpho Naklua Park. The western side of the park adjoins the Gulf of Thailand, the northern and
southern sides are coastline, and the eastern side comprises urban areas, presenting traffic and other
activities related to air pollutant emissions. Short-term air quality monitoring was performed at the
Lanpho Naklua Park (Figure 1) by the mobile air quality monitoring unit belonging to the
Environmental Research and Training Center from November 3—12, 2020. The study period was
selected under discussion with local authorities. We take into account the short monitoring period
should be within the high concentration season of air pollution, which many places in Thailand face
an air pollution problem [7-9,12] during winter season (October-February) [13]. Furthermore, the
readiness of related parties was a factor taking into consideration. Since Thailand was in lockdown due
to Covid-19 pandemic, this study was carried out after the situation was unlocked on June 30, 2020 by
the Regulation Issued under Section 9 of the Emergency Decree on Public Administration in
Emergency Situations B.E. 2548 (2005) No. 11.
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Figure 1. Location of air quality monitoring in the Lanpho Naklua park.

The observed parameters consisted of particulate matter less than 10 micron (PMo), particulate
matter 2.5-10 micron (PM25-10), particulate matter less than 2.5 micron (PM25s), nitrogen dioxide
(NO2), sulfur dioxide (SO2), carbon monoxide (CO), ozone (O3), wind speed, and wind direction.
Thermo Scientific model 1405-DF was used to measure PMio, PM25-10, and PM2s. The 1405-DF
instrument uses the tapered element oscillating microbalances (TEOM) and Filter Dynamics
Measurement System (FDMS) techniques to measure the particulate matter concentration. The
measured concentration is updated every 6 minutes. The 421 and the 431 models were used for NO2
and SO> monitoring, respectively. The O3 and CO concentrations were measured using Teledyne
analyzers model T400 and T300, respectively. The 42i analyzer operates on the principle of
chemiluminescence to measure NO», and the 431 analyzer operates on the principle of the fluorescence
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technique for SO> measurement. T400 and T300 analyzers use ultraviolet-absorption photometry and
gas filter correlation techniques for O3 and CO measurements, respectively. The time resolution of
instrumentation to measure the concentration of the pollutant depends on each analyzer. The response
times for NO2, SO, O3 and CO measurements are about 40, 20, 30 and 70 seconds, respectively. These
automatic analyzers are listed in the list of designated reference and equivalent methods of US EPA.
Zero and span calibrations were performed with the pollutant standard gaseous before and after
measurement. The span concentration is 80% of the full-scale value. The criteria to accept gaseous
calibrations of this study is zero and span drifts are not greater than 7%. For meteorological parameters,
wind speed and wind direction were measured using LSI LASTEM instruments. During the
measurement period, the instruments sent their signal to the Advantech data logger, and then the data
was calculated and recorded on an hourly basis by the Envidas environmental data acquisition system.
The observed hourly missing data were 12.89%, 12.89%, 8.44%, 8.00%, 8.44%, and 8.00% for PMy,
PM; 5, NO2, SO2, CO, and O3, respectively.

2.2. Data analysis method

The OpenAir and other packages embedded in the R program were used to analyze data, reveal
time series, and detect the potential source areas of pollutants. The BVP function of the OpenAir
package can plot mean concentrations on polar coordinates related to wind direction and wind speed.
The graphical output of BVP provides a result in spatial concentration-wind speed dependencies. Wind
involves atmospheric advection processes resulting in the concentration change of ambient air
pollutant. Therefore, the concept of BVP is based on the relation in concurrent existing concentration
and wind. First, concentration data were partitioned in bins associated with each wind direction and
wind speed range. Wind direction interval is of 10 degree and wind speed range is divided in 30
intervals. Concentrations in each bin were calculated to gain the relevant statistical metrics such as
mean. Each bin (a cell) consisted of wind direction, wind speed, and mean concentration. To provide
smooth concentration surface, the Generalized Additive Model with the isotropic smooth function was
used, and expresses as \/a = s(u,v) + e;. Where, C; is the i pollutant concentration, s is the
smooth function, e; is the i" residual, u = ws.sin(2n/wd), and v = Ws.cos(2m/wd) . Wind
direction (wd) and wind speed (ws) corresponded to #and r in polar coordinates, respectively [14-16].
Thus, each mean concentration could be plotted using polar coordinates. Shading surface of
concentrations on the polar coordinate could highlight the potential source areas of pollutants [10].

3. Results
3.1. Air quality data analysis

Hourly air quality from 3—12 November 2020 at Lan Pho-Naklua Park were monitored. Figure 2
shows that the concentration ranges of PM1o, PM25-10, PM2.5, NO>, O3 and CO were wider than SO».
The ranges of PMjo, PM2 5, NO,, O3 and CO ranged from 3.30-66.10 pg/m?, 3.00-44.40 pg/m?, 4.80—
28.50 ppb, 5.60-59.40 ppb, and 110-750 ppb while SO, ranged from and 0.60-3.8 ppb, respectively.
Mean concentrations with standard deviation comprised 33.64+11.57 pg/m®, 13.60+6.18 pg/m?,
20.04+7.31 pg/m®, 1.23+0.55 ppb, 11.20+5.11 ppb, 270+120 ppb, and 31.46+11.20 ppb, for PMjj,
PM3 5-10, PM25, SO2, NO2, CO, and O3, respectively. However, air quality in Bangkok during a Covid-
19 episode, 1 January-30 March 2020, revealed mean concentrations of 51.70+24.09 pg/m’,
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32.19+17.51 pg/m?, 1.46+0.75 ppb, 15.46+10.49 ppb, 570+210 ppb, and 28.01+8.06 ppb for PMjj,
PM; 5, SO2, NO2, CO, and Os, respectively, reported by Sangkham et al. [3]. These data indicated that
air quality at Lan Pho-Naklua Park, Pattaya was better than that in Bangkok and had less impact of air
quality on tourists and residents. The air quality at Lan Pho-Naklua Park was compared with the
national air quality standard of Thailand (NAAQs), the WHO air quality guidelines [17], and the
standards given by the US EPA. Table 1 presents that none of the pollutants exceeded the NAAQs and
US EPA standard values. When they were compared to the WHO guidelines, the PM»s and Os
pollutants showed maximum concentrations of 24-hour average and 8-hour average were higher than
corresponding standards. In terms of AQI, the maximum concentrations were used to calculate the
quality of ambient air. It found that Thai AQI value is 58 respecting to the 8-hour average O3 and US
AQI value is 88 respecting to the 24-hour average PM; 5. The quality of ambient air is moderate based
on both the Thai AQI and the US AQI. These signify the tourists and visitors in Lan Pho-Naklua Park
perceived air quality at an acceptable level, with less pollution, and all pollutants lower than the air
quality standard. Nonetheless, air quality at Lan Pho-Naklua Park was not lower than all the standard
or guideline values; the O3 and PM2 5 concentrations slightly exceeded the WHO guideline values. O3
is a secondary pollutant formed by photochemical reactions during daytime. PM> s is directly emitted
from pollution sources, and is formed by chemical reactions in the atmosphere. Investigations into the
relationship between air pollutants discussed below will provide information to consider whether they
originate from the same source or not.
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Figure 2. Boxplots of observed air quality concentrations. A small black square is mean value.

Among observed ambient air pollutants, correlation analysis was performed and results presented
in Figure 3. PMo showed good correlation with PM>s, PM2 519, and NO> of 0.88, 0.83, and 0.62,
significantly at 0.001. High correlation between particulate matter and NO; revealed the emission
source to be related to fuel combustion. Also, correlation between NO2 and CO was 0.71. This implied
they would be emitted from a similar source. The emissions would stem from anthropogenic sources
related to fuel combustion emitting NO>, CO, PMo, PM25-10, and PM2 5. The possible source related
to activities in urban areas. Many studies in urban areas indicated the ratio of PM2.s/PMio be 0.6,
approximately [7,18]. Figure 4 reveals the distribution of the PM2.s/PM ¢ ratio of this study. Statistical
indices, consisting of minimum, the 1% quartile, median, mean, the 3™ quartile, and maximum, are 0.30,
0.53, 0.60, 0.60, 0.69, and 0.91. The median and mean are similar connoting the distribution was quite
symmetrical. About 50% of the ratio data fell within a range from 0.53 to 0.69. This ratio implied
anthropogenic sources related to fuel combustion in urban areas and similar to related studies.
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Table 1 Maximum concentrations of pollutants and the standard/guideline values.

Pollutant Average Period =~ Maximum Concentration  Standard/Guideline
NAAQs WHO? US.EPA®

PMio)ug/m®) 24 hours 45.54 120 50 150
PMzs)ug/m®) 24 hours 29.66 50 25 35
SO: (ppb) 1 hour 3.80 300 - -

24 hours 1.88 120 20 ug/m* (7.6 ppb) 75
NO: (ppb) 1 hour 28.50 170 200 pg/m? (106.4 ppb) 100
CO (ppm) 1 hour 0.75 30 - 35

8 hours 0.64 9 - 9
O3 (ppb) 1 hour 59.40 100 - -

8 hours 53.85 70 100 pg/m*(50.9 ppb) 70

Notes: *WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide - Global update 2005.
°The primary standard of US NAAQs obtained from https://www.epa.gov/criteria-air-pollutants/naaqgs-table.
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Figure 3. Correlation chart, histogram, and scatter plot with linear regression line of
pollutants. The three, two, and one red star represents significant level at 0.001, 0.01, and
0.05, respectively. The PMc is stand for PMz 5_1o.
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Figure 4. Histogram and boxplot of PM2.s/PM ratio. A small red square is a mean value.

For O3, correlation to NO> was negative, for which Pearson correlation coefficient was —0.61, and
its correlation to wind speed was positive with r equal to 0.75. The negative correlation denotes
increasing O3 related to decreasing NO». This relation stems from the photochemical reaction in
atmosphere, for which NO; is a precursor of Oz formation. The concise reaction is

NO, g NO + O3 [19]. We also observed a high positive correlation between O3 and wind speed (WS)
as presented in Figure 3. The high positive correlation denotes increasing WS corresponding to
enhanced O3 concentrations at the monitoring station. During the same period, an increase in wind
speed conveyed that the air mass movement was longer distanced from the low wind speed. Thus, it
could be assumed that O3 was carried from another remote area to the monitoring station by wind.

Diurnal variations of PMz 5 and O3 pollutants and wind speed (Figure 5) were constructed from
averaging hourly concentrations to view each fluctuation in time series whether they changed or not
as we observed from the correlation analysis. Also, the diurnal variations were used to consider high
and low concentration periods for both pollutants. The PM2 5 concentration was high at midnight and
continuously decreased until 11:00. Then PM2 s level started rising from 15:00 to high concentrations
at 19:00, and remained at high concentration conditions until midnight (Figure 5a). Notably, many air
pollution emission sources, including traffic and other activities during the daytime could emit PMz s,
but the concentration variation revealed low levels during that time. Meteorological factors are related
to atmospheric advection process, in which wind played a role in reducing PM2 5 concentration. Figure
5c presents diurnal variation of wind speed indicating strong wind during the daytime resulting in a
large dilution of PM2 s caused by transported air mass. This is a reason PMz 5 is low during daytime.
Also, weak transportation of air mass during nighttime enhanced PM> s concentrations in the air.
Therefore, high PMas period was during the nighttime. Another factor was the height of the Planet
Boundary Layer (PBL) resulting in the ability of substances to mix in the atmosphere. Deep and
shallow PBL present during the daytime and nighttime, respectively [20—24]. The layer is known as
the mixing height [25], and could be used as an indicator of air quality. The deep mixing height during
the daytime implied a large volume of air in the atmosphere. As the PM> 5 mass remains constant and
the air volume increases, the concentration remains low.

Figure 5b shows the O3, concentration is low during in the nighttime and high during the daytime.
Its concentration increases at 7:00, becomes highest around 13:00-14:00, decreasing until 19:00, and
then remaining at low concentration levels until sunrise onward (Figure 3b). However, Figure 3¢ shows
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wind speed is high during the daytime, but the Os, concentration is also high. The reason can be
explained by a related study. Negative correlations exist between many pollutants and mixing height,
except O3 pollutant. The correlation of O3 to mixing height showed a positive correlation because of
its sunrise dependency [20]. The O3 pollutant is formed by photochemical reactions with the presence
of NO and NO; in the air. The volatile organic compounds (VOCs) and CO are also ozone
precursors, [ 19]. Strong sunlight during daytime enhances O3 level in the ambient air. This differs from
PMb 5 in that the deep mixing height layer during daytime results in increasing air volume that lowers
PM, 5 concentration.
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Figure 5. Diurnal variations of (a) PM2 s, (b) O3, and (c) wind speed.
3.2. Wind rose analysis

The wind rose plot was performed to present prevailing wind during the study, high concentration,
and low concentration periods. Daytime wind rose showed strong winds of 4.87 m/s (mean wind speed),
and most of the wind blows from the northern section as shown in Figure 6. The contribution of north-
northeast, east-northeast, north, north-northwest, and west-northwest directions were 55%, 18%, 12%,
10%, and 5%, respectively. However, the nighttime wind rose showed weaker winds (2.67 m/s). The
contribution of north-northeast, east-northeast, and east directions were 45%, 36%, and 13%,
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respectively. These agreed with the prevailing wind during the study period that Thailand was governed
by the winter (northeasterly) wind [26]. As shown in Figure 1, the west side of the monitoring station
constitutes sea. Notably, more wind comes from the east and none of wind comes from the west side
during nighttime than those during the daytime. This results from the influence of sea breeze during
the daytime and land breeze during the nighttime.
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Figure 6. Wind rose during daytime and nighttime.

Diurnal variation of O3 showed (as reported in Figure 5) high and low concentration periods from
7:00-19:00 and 20:00-6:00, respectively. The high and low concentration periods of PMa s presented
from 17:00-8:00 and 9:00—16:00, respectively. However, high concentration periods of PM> s differs
from high concentration periods of Os. Also, low concentration periods differ. Analyzing these two
different periods related to PM2.s and O3 concentrations, as reported in Figure 7, the low and high PM3 s
periods are affected by strong and weak northeasterly wind, respectively (Figure 7a,b). Whereas the
low and high O3 periods show weak and strong northeasterly wind, respectively (Figure 7c,d). The
result given by wind rose analysis could be used to suggest the pollutant movement pathway. Strong
northeasterly winds during daytime would imply air pollutants are carried from remote air pollution
source areas to the monitoring station receptor due to high wind speed. On the other hand, well mixed
ambient air caused by turbulence from high wind speed could reduce the pollutant concentration in the
air. Thus, presence of low PMzs concentration during strong northeasterly wind implied that the
potential PM> s source was not located at remote areas in the northeast direction. The source was
perhaps located near the monitoring station and the PM2 s emitted to the ambient air would be diluted
by the strong wind. For O3, high concentrations present during strong winds. This implied the source
of O3 precursor would be locate far from the monitoring station. After O3 formation, the wind carried
it to the monitoring station. This assumption would be analyzed further to present potential source
areas that could either increase or decrease the concentration level at the monitoring station as we
expected.
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Figure 7. Wind roses of (a) low and (b) high PM2 5 concentration periods, and (c) low and
(d) high O3 concentration periods.

To improve air quality in the park and surrounding area for people and tourists to sit, rest, and
take dinner during afternoon to evening, identifying source areas is required to support the
management of the relevant authorities.

3.3. Potential source areas of PM: 5 and Oj

The statistical analysis, the BVP technique, can provide an image to identify potential source
areas using the monitoring data at the receptor location as an input. As mentioned in related studies,
analysis of BVP on PM: 5 and O3 could identify potential source areas during three periods of time: 1)
analysis covering all study periods, 2) analysis of high concentration periods, and 3) analysis of low
concentration periods. Moreover, the PM2.s/PMjo ratio was analyzed to provide more information
related to potential source areas of PM2 5. The mean concentrations on polar coordinates provided by
the BVP function are shown in Figure 8. During monitoring periods, the result revealed the potential
source areas of PM2 s were located south of the monitoring station as indicated by red shading on the
polar coordinate (Figure 8a). The red shade area is not over 4 m/s in the radial coordinate. In case of
straight movement over one hour, frictionless air mass can travel a distance of 14.4 km at 4 m/s of
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wind speed. The potential source area should be located far from the monitoring station at this distance.
We compared the result with a map and found that the potential source area during the study period
was located south of the monitoring station, an urban area named Pattaya city. Also, the BVP plot of
NO:> showed similar areas (not present here). This implied the source was relate to traffic in the area.
For the high PM» s concentration period (Figure 8b), the potential source area corresponded to the
mean concentration of 35-40 pg/m?, closer to the pole of polar coordinates than the previous results
for the entire monitoring period. The potential source area during high PMys periods covers the
residential area and roads around the North Pattaya area. This result agreed with wind rose analysis
during the high PM> 5 concentration period presenting weak northeasterly winds. The weak wind was
less than the atmospheric advection and produced more stable conditions resulting in greater
accumulation of PM2 5 emitted from sources nearby. The potential source areas related to 20-30 pg/m?
appeared in areas nearby and west of the monitoring station during strong northeasterly winds
presenting the low PMz s concentration. Strong northeasterly wind resulted in an absence of source
areas to the south of the monitoring station. The potential source areas located to the west side of the
monitoring station was the nearshore and sea. Studies have reported particles are emitted from the sea
including sea salt and sea spray [27-29]. Sea salt aerosols are largely composed of NaCl, and other
chemicals such as K, Mg?", Ca®", SO4>". Sea spray aerosol contains not only sea salt, but other organic
compositions [29]. The breaking waves can produce particles in sizes of 10 nm to greater than 10 um
with the number of particles peaking around 0.03—0.40 pm [27]. The size distribution of sea spray
aerosol was reported ranging from 0.05 to 1.1 pm [28]. Thus, one possible source of PM> s during low
concentration could be aerosols from the sea to the west side of the monitoring station.

Interestingly, another potential area of the PM2.s/PM ¢ ratio could be related to urban traffic areas
because one study reported a high PM> s/PM g ratio of 0.6 [18]. Previous studies suggested that a ratio
greater than 0.6 was related to emissions from industrial and vehicular fuel combustion, whereas low
ratios of PM» s/PMo were related to more coarse particulate matter (PM2.5-10) contribution, and their
sources involved mechanical processes [30]. The polar plot of PM»2s/PMjo ratio though the period
(Figure 8d) revealed most areas contributed to PM2 5. The southern and eastern areas comprised urban
areas showing a ratio of 0.6 similar to the related study, but the western area (offshore area) also
revealed a ratio of 0.6. Moreover, remote areas in the north presented low PM2 s concentrations (Figure
7a) and low PM» s/PM ¢ ratios (Figure 8d). This area comprised agricultural and paddy fields, unpaved
roads, and reservoirs locates in Ban Bang Phra area nearby the Khao Khiao Hill. Wind-blown dust and
soil from this source area could transfer more PM> 5_10 to the monitoring station than PM> s, one reason
for the small PM2.s/PM o ratio over this area. Figure 8e shows the red circular shading (the PM2.s/PMio
ratio is of 0.6—0.7) in the northeast direction during the high PM3 s period. This circular shading
corresponds to the major crossing between two highly traffic expressways (Figure S1 in
supplementary), an interesting potential source area of PM» s during the high concentration period.
Another potential source area during this period is located in the east side, an urban area with many
roads bypassing the area. Also, low concentrations of PM3 s indicated high ratio over the sea located to
the west of the station. This signified PM2.s was more abundant than PMa .5 0.
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Figure 8. Bivariate polar plots of PMa.5, PM2.5/PM 10, and O3 through the monitoring period,
high concentration period, and low concentration period. Units of PM, s and O3 are ng/m?
and ppb, respectively.

For ozone, the potential source area was not nearby the monitoring station. The potential source
area (red shade in Figure 8g) was in the northwest direction. The area covers Sichang Island. The island
has an oil and gas tank farm and related activities could emit volatile organic compounds (VOCs) in
the atmosphere (Figure S2 in supplementary). VOCs and NOx are known as precursors of ozone
formation [19,31,32]. Formation of O3 by photochemical reactions during daytime results in high O3
concentrations as shown in Figure 8h, caused by the potential source areas related to petrochemical
terminals in Sichang Island. During low concentration periods of O3, the potential source area shows
in the northeast direction with mean concentration around 40 ppb. The high O3 over the area during
this period at nighttime, stems from less NO2. As we know, O3 can be formed by photochemical
reactions with the presence of its precursor and sunlight. Some O3 produced in daytime could remain
until the nighttime, and nighttime Os reacts with NO; yielding nitrate radical (NO3) resulting in reduced
concentration [33]. Thus, the amount of NO> controls O3 levels denoting less NO»> could remove small
amounts of O3 at nighttime, and vice versa for high NO; level. This constitutes one reason in presenting
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the potential source areas of O3 in the northeast direction due to fewer amounts of NO> than that to the
south of the monitoring station.

4. Conclusions

This study demonstrated that the analysis of short-term air quality monitoring data in coastal areas
could provide useful results to support air quality management. The study area, the Lanpho Naklua
Park, located in Pattaya Chonburi Province, Thailand is the designated area for sustainable tourism.
The analysis firstly provided the situation of air quality from November 3—12, 2020. The status of air
quality showed the air quality level was lower than those of the NAAQs of Thailand and USEPA.
Nevertheless, 24-hour average PM> s and 8-hour average Os slightly exceeded the guideline values
suggested by the WHO. Both pollutants showed different high concentration periods corresponding to
potential source areas.

The PM: 5 concentration was high during the nighttime, and low during the daytime. The high
and low PM> s concentrations related to weak and strong northeasterly wind, respectively. The potential
source areas given by BVP analysis during high concentration periods included the area to the south
of the monitoring station covering residential areas and roads around the North Pattaya area. Also, the
analysis of PM» 5/PM o ratio revealed the major crossing between two expressways and urban areas in
the east side could potentially contribute to abundant PM»s. However, during the low concentration
period, the park received PMa s from the sea on the west side. The O3 concentration was high during
daytime caused by photochemical reactions with its precursors. The potential source area of O3 during
high O3 concentration period covered the Sichang Island where an oil and gas tank farm is located.
This constituted a source of VOCs, are O3 precursors. The result also showed that the BVP technique
could be used to analyze ambient air monitoring data, including primary and secondary pollutants, in
coastal areas.

Nevertheless, there is a study limitation, which is the short monitoring period that was performed
to obtain data for analysis. The results can represent this short-term period, such as the potential source
area given by this analysis cannot be used to identify for other periods influenced by different factors.
The result given by short-term monitoring is not only utilized to present whether exceeding the NAAQs
or not, but it can be analyzed for other purposes such as for understanding the extreme episode [34]
and giving the scientific result to solve air pollution conflict between communities and enterprises [8].
Whereas, the long-term air quality analysis can present the state of environment, seasonal variation,
and trend [9,12], which is the short-term analysis cannot provide them. This would be careful in
analyzing and interpreting results in different time scales.

To improve air quality in Lanpho Naklua Park, Pattaya, policy makers should firstly focus on the
identified potential source areas of PM»>s and Os. Relevant emissions controls should be applied
including improving the quality of the oil storage tank to reduce evaporation of VOCs. Improving
traffic management in the city, along intersections, reducing the traffic volume, and improving engine
efficiency would also reduce PM2 5 and O3 precursors. A long-term air quality analysis is also required
in order to further confirm and fulfill the state of environment, seasonal variation, and the potential
source area for various periods.
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